Background: Polymyalgia rheumatica (PMR) is a common systemic inflammatory disease of the elderly; however, the clinical characteristics and therapeutic response of PMR in Korea have been rarely studied. Methods: We reviewed the medical records of 54 Korean patients diagnosed with PMR between January 2009 and February 2017 in a locomotive pain clinic of one tertiary referral hospital. We analyzed epidemiologic and clinical characteristics, therapeutic responses, and prognostic factors for remission-failure at one-year after oral prednisolone treatment. Results: In 54 patients with PMR, 32 (59.3%) were female. The average age at diagnosis was 65.0 ± 10.5 years. Duration of symptoms before diagnosis was 8.1 ± 8.6 months. All patients had shoulder pain (54 patients, 100.0%); 49 patients (90.7%) had hip girdle pain, while 19 patients (35.2%) had peripheral joint pain. Four patients (7.4%) were accompanied y the giant cell arteritis (GCA). There was no seasonal preference for symptom development. Only 19 patients were diagnosed with PMR at initial symptom presentation. At one-year follow-up after oral prednisolone treatment, the remission rate was 35.3% (12/34). Multivariate analysis showed that history of relapse (odds ratio, 6.81; 95% confidence interval, 1.035-44.804) was a significant predictor of remission-failure. Conclusion: The rate of remission (35.3%) after oral prednisolone treatment was similar to previous reports in western countries; and GCA is not a rare condition in Korean PMR patients. Misdiagnosis of PMR is common, and heightened consideration for PMR is needed in elderly patients who present inflammatory features of bilateral shoulder pain.
INTRODUCTION
In 1957, Barber used the term polymyalgia rheumatica (PMR) to describe sudden onset of inflammatory features characterized by shoulder and pelvic girdle pain and stiffness. 1 Since that description, PMR has become a common systemic disease in the elderly, characterized by inflammatory pain and stiffness of the shoulder and/or pelvic girdles combined with laboratory evidence of inflammation. [2] [3] [4] There is lack of standardized diagnostic criteria for PMR, but sets of classification criteria have been proposed by several groups of investigators. Recently, the 2012 European League Against Rheumatism/American College of Rheumatology (EULAR/ACR) classification criteria were developed to standardize the definition of PMR and thereby address the uncertainty that commonly surrounds its diagnosis. 5 Although the 2012 EULAR/ACR classification criteria were developed, chronic inflammatory and autoimmune disease, degenerative disease, infections, and malignancies can mimic PMR. Heterogeneity in clinical manifestation and the lack of diagnostic criteria of PMR have led to misdiagnosis.
There are many reports on the various symptoms of PMR. The clinical features that appear in PMR vary by country. 4,6,7 Bilateral shoulder pain with morning stiffness is the reported symptom in 70%-95% of PMR patients. 2 Peripheral arthritis was reported in 25% of patients, while 40% of PMR patients have constitutional manifestations including low-grade fever, depression, fatigue, and weight loss. 3,8, 9 In previous Korean epidemiology studies, the incidence of constitutional symptoms and peripheral arthritis was similar to those reported in Caucasian populations. However, the incidence of hip girdle pain was higher in the Korean studies than reported from western countries. 6, 10 In addition, western population studies reported concomitant giant cell arteritis (GCA) in 16%-21% of the study population. 11 However, no GCA case were reported in the Korean epidemiology study populations. 6, 10 Although PMR is well controlled by a low dose of oral glucocorticoid, not all patients respond adequately, and relapse and long-term glucocorticoid dependency are common. 12 The treatment response to oral prednisolone for PMR also varies. In a prospective western population cohort study of PMR, 56% of prednisolone-treated patients achieved complete response. 13 However, in previous Korean studies, the remission rate was reported as about 20%. 6, 10 Demographic and clinical characteristics, along with outcomes, in PMR patients have been studied extensively in western countries. However, Korean PMR patient studies are still sparse.
The aim of our study was to investigate the clinical and demographic characteristics, including related factors, of therapeutic responses in Korean PMR patients.
METHODS

Patients and methods
We retrospectively reviewed the medical records of 54 Korean patients diagnosed with PMR between January 2009 and February 2017 in a locomotive pain clinic in one tertiary referral hospital. Patients were included based on the 2012 EULAR/ACR classification criteria for PMR. Baseline demographic characteristics, clinical characteristics, and past medical history were reviewed. Initial laboratory tests included erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), white blood cell (WBC), platelet, hemoglobin, aspartate transaminase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP), rheumatoid factor (RF), anti-citrullinated protein antibody (anti-CCP), antinuclear antibody (ANA), and human leukocyte antigen (HLA)-B27. Patients who had satisfied the classification criteria for rheumatoid arthritis (RA), had fulfilled criteria for inflammatory spondyloarthropathy, or had systemic infection were excluded. We also collected data on previous diagnoses made in primary medical clinics prior to referral to our locomotive pain clinic.
Analysis of response to oral prednisolone treatment was performed in 34 patients without GCA. The initial oral prednisolone regimen and tapering schedule were based on the British Society for Rheumatology (BSR) and the British Health Professional in Rheumatology (BHPR) guidelines, which recommend an initial 15 mg daily dose continued for 3 weeks with a gradual tapering schedule. We used of vitamin D and bisphosphonates routinely when initiating oral prednisolone for PMR to prevent the complications of osteoporosis. 14 Twenty of 54 patients were excluded for the following reasons: 13 patients were transferred to patients' regional hospital for oral prednisolone, lost to follow-up or referred to rheumatologic specialist in case of GCA; 7 patients were excluded due to short treatment duration (1 week to 9 months). Thirty-four patients who received oral prednisolone treatment for at least 3 months were divided according to the treatment response at one year follow-up. Remission was defined as the absence of clinical symptoms and laboratory evidence of PMR (CRP < 0.3 mg/dL) at one year after oral prednisolone was administered. Relapse was defined as aggravation or reappearance of clinical symptoms with elevated level of CRP or ESR (CRP > 0.3 mg/dL; ESR > 40 mm/hr) during prednisolone tapering.
Statistical methods
Variables of continuous outcomes were presented as the mean (standard deviation) for normally distributed data, or median (interquartile range) for not normally distributed data. Normal distribution was evaluated by visual inspection of the variable distribution and statistical methods using Shapiro-Wilk test. Frequency count and percentages were provided for the categorical variables. Comparisons between groups were made using an independent t-test or a Mann-Whitney U test for continuous variables and either Fisher's exact test or χ 2 test for categorical variables. Univariate logistic regression was used to evaluate the factors related with remission failure presented by unadjusted odds ratio (OR) and 95% confidence interval (CI). We conducted a multivariate logistic regression analysis to confirm independent predictive factors of remission-failure such as sex, diabetes mellitus, history of relapse, initial CRP ≥ 5 mg/dL, time elapsed to normalization of CRP > 4 weeks presented by adjusted OR and 95% CI. All statistical analysis was performed using IBM SPSS statistical software (ver. 24.0; IBM Corp., Armonk, NY, USA). P values < 0.05 were considered significant. 
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RESULTS
Demographics
Among the 54 patients with PMR, 32 (59.3%) were female. The average age at diagnosis was 65.0 ± 10.5 (range 46-87) years. Two 46-year-old females were diagnosed with PMR and had shown inflammatory feature of bilateral shoulder and hip pain with elevated acute phase reactants, and 18 F-fluorodeoxyglucose positron emission tomography/computed tomography (FDG-PET/CT) showed characteristic findings of PMR without satisfying the criteria of RA or spondyloarthropathy. 15 The average duration of symptoms before diagnosis was 8.1 ± 8.6 (range 1-36) months. There was no seasonal preference for symptom development: 10 patients developed symptoms in the spring, 16 patients in the summer, 11 patients in the fall, and 15 patients in the winter.
Clinical characteristics
All 54 patients had shoulder girdle pain (100%), 49 patients (90.7%) had hip girdle pain, and 19 patients (35.2%) had peripheral joint pain. The timing of hip and shoulder pain varied. In 22 cases (41.5%) hip and shoulder pain presented simultaneously, 10 patients (18.9%) reported hip pain before shoulder pain, and 20 patients (39.6%) reported hip pain after shoulder pain. Forty-eight patients (96%) reported stiffness in the morning. Other manifestations were weight loss (9 patients), headache (6 patients), depression (4 patients), and fever (2 patients) ( Table 1) . Only one female patient of six patients with headache was classified with GCA based on the American Rheumatology Association (ARA) classification criteria for GCA. 16 There were three cases that showed increased FDG uptake of characteristic finding on PET/CT without clinical symptoms of GCA. Thus, four patients were accompanied by the GCA. In one of three cases with the GCA showed increased uptake of FDG in the aorta that then spread to the right common iliac artery, suggesting active inflammation (Fig. 1) . 18/54 (33.3) Values are mean ± standard deviation (range) or numbers of patients with characteristic/total number of patients (%). GCA = giant cell arteritis, BMI = body mass index.
Laboratory findings
The laboratory findings of PMR patients are presented in the Table 2 . Elevated CRP (> 0.3 mg/dL) was observed in 48 patients (88.9%), and elevated ESR (> 40 mm/hr) was reported in 42 patients (77.8%). RF was screened in 51 patients, and 9 (17.6%) were determined to be RF positive. Titers of RF positive patients were 40 ± 9.4. The presence of anti-CCP antibodies was tested in 52 patients, and 3 (5.8%) showed positive results. Among 39 patients, ANA was positive in 21 (53.9%). The ANA titer was 1:40 in 20 patients and 1:80 in one patient ( Table 2) . Diagnosis of systemic lupus erythematous, elderly onset RA, and late-onset seronegative spondyloarthropathy was excluded according to ACR classification criteria.
Previous diagnosis
Previous diagnoses made at primary medical clinics before referral to our locomotive pain clinic are presented in Table 3 . Only 19 patients initially presenting to our hospital with symptoms were diagnosed with PMR. The remaining patients had different previous diagnoses before visiting our hospital. Spondyloarthropathy (6 patients), adhesive capsulitis (6 patients), and cervical radiculopathy (4 patients) were the most frequent previous diagnoses. Three patients were misdiagnosed with an infectious disease such as infectious arthritis of the shoulder and lumbar osteomyelitis. Nine patients had no specific diagnosis prior to PMR diagnosis. 
18
F FDG-PET/CT and CT angiography findings of a 56-year-old female diagnosed with GCA. Coronal FDG-PET/CT (A) image demonstrates a significant uptake in aortic wall from the level of thoracic spine to aortic bifurcation (black arrows). Uptake of the tracer of the bilateral glenohumeral joints, bilateral greater trochanter area and left acromio-clavicle joint is also seen (black arrowheads). CT angiography image (B) and (C) shows the diffuse thickening with enhancement in thoracic aorta and abdominal aorta (white arrows). FDG-PET/CT = fluorodeoxyglucose positron emission tomography/computed tomography, CT = computed tomography, GCA = giant cell arteritis.
Responses to oral prednisolone
In 34 patients, 15 mg of oral prednisolone was administered initially according to the BSR and the BHPR guidelines. Analysis of response to oral prednisolone treatment was performed in 34 patients without GCA. We categorized the groups according to the therapeutic response. In our study, the remission rate was 35.3% (12/34) at one-year follow-up after administering oral prednisolone. Twenty-three of 34 patients (67.6%) had relapsed at least once during tapering of oral prednisolone dose. We evaluated the clinical and laboratory findings between patients with remission and remission-failure ( Table 4) . There were no differences in the clinical characteristics and laboratory findings between the groups, except levels of AST and ALT, which were significantly higher in the remission-failure group (P = 0.019 and P = 0.044, respectively).
We examined the independent predictive factors of remission-failure using logistic regression. Univariate analyses indicated that history of relapse (unadjusted OR, 12.67; 95% CI, 2.292-70.105) and longer than four weeks to CRP normalization (unadjusted OR, 6.67; 95% CI, 1.162-38.247) were significantly more likely to result in remission-failure ( Table 5) . Multivariate logistic regression analysis showed that history of relapse (adjusted OR, 6.81; 95% CI, 1.035-44.804) was a significant predictor of remission-failure ( 
DISCUSSION
In this study, we described the demographic and clinical features of 54 Korean patients with PMR. Furthermore, we analyzed the therapeutic response to oral prednisolone and predictive factors of remission-failure. The rate of remission on oral prednisolone treatment was 35.3%, and history of relapse was a predictor of remission-failure. Four of 54 patients (7.4%) were also diagnosed with GCA. In our study, 12 of 34 patients (35.3%) were in remission after oral prednisolone treatment at the one-year follow-up. Twenty-three of 34 patients (67.6%) had relapsed at least once during treatment. Because relapse and long-term glucocorticoid dependency are common, remission is difficult to achieve in PMR treatment. 14, 17 The remission rate of our study was 35.3%, which is comparable to previous reports in western countries. In 94 Italian PMR subjects, Salvarani et al. 18 had found that 50% of patients were in remission after oral prednisolone at a mean starting dosage of 17.5 mg/day. In addition, a multicenter prospective cohort study in 10 European countries and the United States reported a 56% complete response rate to corticosteroids at week 26. In contrast, previous Korean studies have reported remission rates of 19.5%-20.5%, which is lower than the rate in our study. In 10 multicenter study of 51 Korean subjects, the remission rate was 19.5%. 10 Lee et al. 6 evaluated the clinical data of 78 patients with PMR from 5 hospitals and reported a 20.5% remission rate. One explanation for these lower rates is that in previous multicenter-based Korean studies, the treatment strategies of PMR varied between centers, and the initial oral prednisolone dosage and the tapering schedule were not standardized. Another possible explanation is that the definition of remission among studies was not consistent. In our study, we standardized assessment and the initial dose and tapering schedule of oral prednisolone according to the BSR and the BHPR guidelines. This standardization may have led to better outcome in comparison to previous Korean studies. Our findings indicate that the remission rate of PMR patients on oral prednisolone is not low in the Korean population.
GCA and PMR are conditions of elderly that frequently overlap. GCA predominantly affects large-and medium-sized blood vessels with systemic vasculitis in individuals over the age of 50. The most commonly affected areas are the aorta and its major braches. 19 It is associated with increased thrombotic events, both arterial and venous thromboses. Aortic involvement usually remains unnoticed until there are fatal complications. The diagnosis of GCA is based on clinical symptoms and laboratory findings consistent with systemic inflammation and confirmed with histologic analysis. Also, FDG-PET/CT has a major role in assessing the extent of disease. 20 Previous western population studies have shown that GCA is present in 16%-21% of PMR patients. 11 However, in epidemiology studies on PMR patients within the Korean population, no GCA cases were reported. 6,10 In our present study, four patients (7.4%) were diagnosed with GCA. One patient was clinically diagnosed and three patients were diagnosed with characteristic findings of GCA, increased FDG uptake in the aorta and its major branch vessel as determined by FDG-PET/CT. In this regard, GCA is not a rare condition in Korean PMR patients. Therefore, all patients with PMR should be carefully assessed for GCA.
In this study, history of relapse was a significant independent risk factor (P < 0.05) for remission-failure of PMR (OR, 6.81; 95% CI, 1.035-44.804). In previous studies, high initial acute phase reactant level, female sex, older age, and longer duration of symptoms were reported as prognostic factors for treatment response. 21 However, the factors related to treatment are still not clear. Our study showed that older age, female sex, diabetes mellitus, malignancy, and initially high levels of CRP and ESR were not risk factors of remission failure in univariate logistic analysis. History of relapse was the only significant predictor of remission-failure in multivariate analysis (OR, 6.81; 95% CI, 1.035-44.804). In our study, 23 of 34 patients (67.6%) had relapsed at least once during oral prednisolone treatment. This is consistent with a previous report; Kim et al. 10 found that the relapse rate was 68.8% and the frequency of relapse was significantly higher in patients without remission (P < 0.02). These findings suggest that the presence of relapse might be an important parameter for predicting The treatment for PMR is primarily based on oral glucocorticoid. The EULAR and the ACR recommend oral glucocorticoid treatment in PMR for a minimum of 12 months. 12 Longterm treatment of glucocorticoid treatment is related to cardiovascular side effects and risk factors for the development of glucocorticoid-induced diabetes mellitus. Patients with an older age, higher HbA1c level and lower eGFR require close monitoring for the development of glucocorticoid-induced diabetes mellitus, regardless of the dose of glucocorticoids. 22 Also, glucocorticoid induced osteoporosis is the most common cause of secondary osteoporosis. A treatment with 10 mg/day of prednisone or equivalent for more than 3 months leads to a 7-fold increase in hip fractures and a 17-fold increase in vertebral fractures. 23 In a large cohort of patients from the National Database of the German Collaborative Arthritis Centers, median glucocorticoid doses ≤ 5 mg/day were reached at a 13-18 months disease duration in PMR patients. And the prevalence of osteoporosis increased within 3 years in a national rheumatology database. 24 To prevent glucocorticoid induced osteoporosis the use of bone protection when initiating glucocorticoid treatment for PMR is recommended. 14 We used of vitamin D and bisphosphonates routinely when initiating oral prednisolone for PMR to prevent the complications of osteoporosis and monitoring for the development of glucocorticoid-induced diabetes mellitus by blood sugar test and HbA1c level. PMR requires long-term glucocorticoid treatment longer than. If 1-year and patients are older, careful examination and monitoring of the side effects of glucocorticoid is necessary.
The diagnosis of PMR is clinically based on proximal inflammatory pain associated with increased ESR and/or CRP in the elderly. Elderly onset RA, late onset spondyloarthropathy, inflammatory myopathies, adhesive capsulitis, fibromyalgia, subacute infections, and occult malignancies can mimic PMR. 25 In PMR patients, magnetic resonance imaging or ultrasonography typically shows bilateral bursitis or synovitis in the hips or shoulders. 2, 3 However, these radiologic findings may also occur in other inflammatory or degenerative joint diseases. In our study, only 19 patients (35.2%) were diagnosed with PMR when symptoms initially presented. Twenty-six patients (48.1%) had varying previous diagnoses before visiting our hospital. Nine patients (16.7%) had no specific diagnosis prior to diagnoses of PMR at our facility. Because of inflammatory nature of the spinal pain, 6 patients (11.1%) were misdiagnosed as spondyloarthropathy. Clinical features such as limitation of motion in the shoulder and pain aggravated by movement may lead to a misdiagnosis of adhesive capsulitis; this was the case for 6 patients (11.1%) in this study. Elevated acute phase reactants in PMR can mimic an infectious disease such as infectious arthritis or lumbar osteomyelitis. Three patients fell into this category in our study (5.6%). There are several explanations for misdiagnosis of PMR. As previously mentioned, it is difficult to exclude a variety of conditions that mimic the clinical features of PMR. New biomarkers and imaging techniques specifically related to PMR would be useful to clarify these clinical features. Lower incidence of PMR may be attributable to a lack of awareness on the part of physicians. A precise and specific approach is essential for the accurate diagnosis of PMR, and higher physician awareness may be needed.
In this present study, morning stiffness was reported in 48 patients, and it lasted 45 minutes or more in 38 patients (76%). Morning stiffness is one of the classification criteria for PMR, but the durations vary depending on the classification criterion and include > 1 hour, > 30 minutes, presence, not included as criterion. 26 The 2012 EULAR/ACR criteria include > 45 minutes of morning stiffness as 2 of the clinical criteria points, and there is no consideration given to a shorter duration of morning stiffness. In this study, 20.0% of patients suffered from morning stiffness for less than 45 minutes, and 4.0% of patients did not complain of morning stiffness. Morning stiffness should be included as one classification criterion; however, 45 minutes may be too long and might decrease the sensitivity of PMR diagnosis.
Interestingly, the incidence of hip girdle pain (90.7%) in our study was higher than the incidence in previous studies. 7,8,10,27, 28 Mori et al. 8 reported that 34% of Japanese PMR patients showed pelvic girdle pain, and a study of Korean PMR patients reported 59.6% pelvic girdle pain. 10 In this study, positive provocation tests for the hip girdle, such as the Patrick test and evoked pain during squatting, were included in hip girdle pain. Provocation tests for the hip girdle could explain the higher incidence of hip girdle pain in our study. Hip girdle pain is one of the clinical features of PMR, and the 2012 EULAR/ACR classification criteria highlight the importance of hip involvement since it is 1 point on the clinical criteria. Thus, the provocation test for hip pain could be useful to facilitate diagnosis of PMR.
The incidence of PMR appears to vary in the world, with higher rates observed in studies performed in northern European populations. Variation in incidence suggests environmental factors, such as seasonal effects. Indeed, previous epidemiological studies have shown a regular cyclical pattern of PMR incidence. In a retrospective study of 201 PMR patients, the onset of PMR showed a significant winter periodicity. 29 Also, Kim et al. 10 reported that 45.1% of PMR patients were diagnosed in winter. A possible mechanism suggests a role for precipitating environmental factors, such as Mycoplasma pneumoniae, Chlamydia pneumoniae, and parvovirus B19. Moreover, some authors have reported seasonal variation in the immune system and inflammatory responsiveness associated with several infectious agents. However, in the present study, no seasonal preferences were observed. In several studies, authors had failed to observe seasonal variation and infectious etiology associated with PMR onset. 30, 31 Cimmino et al. 32 had found 62% of PMR cases developed in the summer, suggesting that onset of PMR correlated with outside temperature and hours of sunshine. Peris 31 had reported that onset of PMR symptoms is unrelated to the season, and Parvovirus B19 infection was unrelated to PMR onset in a 4-year prospective study. Our study findings do not support a seasonal pattern for PMR diagnosis. Since studies on seasonal patterns and PMR onset have been inconsistent, a large prospective study is needed to estimate seasonal variation.
The BSR and the BHPR recommended that atypical presentations, such as patients younger than 60 years and those with peripheral inflammatory arthritis, systemic symptoms, or very high or normal inflammatory markers, should be considered for early specialist referral, including those patients with incomplete glucocorticoid response or at high risk of therapy-related side effects. 12,14 In our study, six PMR patients (11.1%) were referred to a rheumatologic specialist for further treatment. Three of six patients were also diagnosed with GCA. Remaining three patients were refractory to prednisolone therapy with uncontrolled musculoskeletal pain.
There were several limitations of this study. The first is the retrospective study design. Although we reviewed the past 8 years of data, we had some insufficient demographic data, clinical characteristics and comorbidities such as cardiovascular disease and osteoporosis. A second limitation is that 20 patients were excluded in the analysis of response to oral prednisolone treatment. And, we collected data of PMR for more than 8 years, but did not have large sample sized because our retrospective study is a single center experience. Due
